Solar-mass stars form via circumstellar disk accretion (disk-mediated accretion). Recent findings indicate that this process is likely episodic in the form of accretion bursts (1), pos-1 sibly caused by disk fragmentation (2; 3; 4). Although it cannot be ruled out that highmass young stellar objects (HMYSOs; M >8 M ⊙ , L bol >5×10 3 L ⊙ ) arise from the coalescence of their low-mass brethren (5), latest results suggest that they more likely form via disks (6; 7; 8; 9). Accordingly, disk-mediated accretion bursts should occur (10; 11).
sibly caused by disk fragmentation (2; 3; 4) . Although it cannot be ruled out that highmass young stellar objects (HMYSOs; M >8 M ⊙ , L bol >5×10 3 L ⊙ ) arise from the coalescence of their low-mass brethren (5), latest results suggest that they more likely form via disks (6; 7; 8; 9) . Accordingly, disk-mediated accretion bursts should occur (10; 11).
Here we report on the discovery of the first disk-mediated accretion burst from a ∼20 M ⊙ HMYSO (12) . Our near-infrared images show the brightening of the central source and its outflow cavities. Near-infrared spectroscopy reveals emission lines typical of accretion bursts in low-mass protostars, but orders of magnitude more luminous. Moreover, the energy released and the inferred mass-accretion rate are also orders of magnitude larger. Our results identify disk accretion as the common mechanism of star formation across the entire stellar mass spectrum.
S255IR NIRS 3 (aka S255IR-SMA1) is a well studied ∼20 M ⊙ (L bol ∼ 2.4×10 4 L ⊙ ) HMYSO (13; 14) in the S255IR massive star forming region (13) , located at a distance of ∼1.8 kpc (15) . It displays a disk-like rotating structure (13) , very likely an accretion disk, viewed nearly edge-on (16) (inclination angle ∼80 • ). A molecular outflow has been detected (13) (blue-shifted lobe position angle -P.A. -∼247 • ) perpendicular to the disk. Two bipolar lobes (cavities), cleared by the outflow, are illuminated by the central source and show up as reflection nebulae towards the SW (blue-shifted lobe) and NE (red-shifted lobe, see Figure 1 , left panel). At ∼2 ′′ .5 west of NIRS 3, another HMYSO, NIRS 1 (aka S255IR-SMA2; M * ∼8 M ⊙ (14)), is also seen in the near-infrared.
Following the detection of a 6.7 GHz class II methanol maser flare in the S255IR star-2 forming region (17), we performed near-infrared imaging with the Panoramic Near Infrared Camera (PANIC) at the Calar Alto Observatory in November 2015 (see Methods), to check whether the flare was triggered by an accretion burst from one of the massive protostars in the region (12) .
Indeed, IR radiation from heated dust emitting at ∼20-30 µm is thought to be the pumping mechanism of this maser transition (18) .
Our images in the H (1.65 µm) and Ks (2.16 µm) bands reveal an increase in the IR brightness (burst) of S255IR NIRS 3, by ∆H ∼3.5 mag and ∆K ∼2.5 mag with respect to the latest archival images taken with the UKIRT Infrared Deep Sky Survey (UKIDSS) in December 2009 (see Figure 1 , upper left and upper right panels). Moreover, a substantial increase in brightness is also observed in the bipolar outflow cavities, which scatter the light from the central accreting source. These findings provide evidence of an accretion burst onto the HMYSO. The lower left panel of Figure 1 shows the brightness ratio between the first PANIC Ks-band image and the UKIDSS K-band frame (see Methods). The relative brightness distribution displays a bipolar appearance. In principle this effect could be the result of enhanced scattering in the outflow lobes or extinction variability. The former would require, however, an increase in the number density of grains by an order of magnitude which is impossible to obtain within the short time between the UKIDSS and PANIC images. Extinction variability is also excluded by our multi-wavelength observations which include near-, mid-, and far-infrared spectroscopy and imaging (see Methods). Therefore, the only explanation for this phenomenon is that we are observing the light from the burst scattered by the dust in the outflow cavities (the so called light echo). Indeed, subsequent PANIC imaging confirms this hypothesis by verifying the motion of the light echo, between ∆L acc we infer thatṀ acc is boosted to (5±2)×10 −3 M ⊙ yr −1 (see Methods). The inferred value is likely a lower limit, as the radius of a massive protostar should be several times larger than that of a main sequence star (24; 25) . Nevertheless, the inferred mass accretion rate of this HMYSO burst is at least three orders of magnitude higher than those of EXors and MNors.
The accretion burst discovered in S255IR NIRS 3 adds fundamental information to our understanding of the high-mass star formation process. Our observations finally confirm that HMYSOs form through accretion disks at high mass accretion rates. Moreover they also provide an observational proof of episodic accretion, likely originating from disk fragmentation. Here timescale and energetics of the outburst are more consistent with disk fragmentation rather than stellar merger (26) (see Methods).
In this respect, high-mass star formation can be considered as a scaled up version of the 6 process by which low-mass stars are born. The main differences are that massive stars would form through larger accretion disks with much higher mass accretion rates (≥10 −4 M ⊙ yr −1 ) and on shorter time scales.
High mass accretion rates and the presence of an accretion disk are fundamental ingredients to circumvent the intense radiation pressure of the massive star, which otherwise might reduce and even halt accretion. They allow further accretion to proceed even after the hydrogen burning starts (9) . At variance with low mass protostars, the timescale for gravitational contraction (Kelvin-Helmholtz time) is shorter than the timescale for accretion in HMYSOs, producing a strong radiation field (25) . The circumstellar disk reduces the radiation pressure allowing most of the radiation to escape through the bipolar cavities (27) . Indeed the light echo and the increase in brightness of the outflow cavities in NIRS 3 confirm this picture.
Finally, as with low mass protostars, the accretion process would not be continuous but episodic. This would also explain the observation of several knots in jets from HMYSOs (28), assuming major outflows events can be linked to major accretion events. Indeed, the morphology of different gas tracers along the outflow axis of NIRS 3, which shows a discrete number of knots, suggests that the source experienced multiple bursts within the last few thousand years (13; 14; 15).
Our burst detection proves the erratic behavior of the accretion process in HMYSOs. Indeed, several radiation hydrodynamic simulations predict the onset of accretion variability in high-mass star formation (8; 9; 11). Notably, episodic accretion might also play an important role in regulating the ionizing radiation, bloating the central source, and prolonging the accretion time during the Ultra-Compact H II (UCH II) phase (29) . The photometric values of the burst shown in Fig. 3 , along with their error, photometric aperture, instrument and observation date, are reported in Table 1 .
Methods
Light echo. To cancel the influence of non-uniform extinction for the assessment of the change of the scattered light distribution due to the burst and to compensate the decreasing surface brightness with growing distance from the source, a ratio image between PANIC Ks and UKIDSS K frames was calculated. Before doing so, the PSFs of the K frame was convolved with a proper kernel to match that of the Ks frame. The applied photometric scaling factor was derived from the corresponding zero points of the images. This turned out to be correct since the brightness ratio for field stars is in the order of unity. The resulting distribution has an asymmetric bipolar morphology. The asymmetry results from the inclination of the scattering cavities relative to the sky plane, leading to larger light distances for the blue-shifted lobe for a given propagation period and vice versa.
The surfaces of scattered light of fixed travel time can be approximated as paraboloids with the star at the origin. Thereby, it can be shown that at the onset of an outburst (t=0), the size ratio between the back-and forward-scattering lobes is zero and increases to unity over time. Thus, an approximately equal extent of the scattering lobes of a YSO seen close to edge-on is only expected for steady-state illumination. Moreover, for the purpose of judging the lobe sizes, it must also be taken into account that forward scattering dominates in the blue-shifted lobe while backward scattering is prevalent in the red-shifted lobe. Because of the different scattering efficiencies, the red-shifted lobe will be less bright in general, and thus appear smaller for a given surface brightness SINFONI data were reduced with the standard reduction pipeline in GASGANO (44) that includes dark and bad pixel removal, flat-field and optical distortion correction, wavelength calibration with arc lamps, and image combination to obtain the final 3D data cube. NIFS data reduction was accomplished in a similar fashion using the Gemini package in IRAF.
All data were corrected for atmospheric transmission and flux calibrated by means of standard stars.
SINFONI pre-outburst IFU spectra, taken between February and March 2007, were retrieved from the ESO Data Archive and already published in a previous paper (14) . They map an area (70"×70") larger than our observations. To compare pre-and outburst data, spectra were extracted from our data cubes within an area of 1".5×1. Figure 2 , left panel) and the red-shifted outflow cavity (Figure 2, right panel) , respectively.
Visual extinction variability vs. accretion burst. In principle, large variations of the extinction towards NIRS 3 could be a possible cause of the infrared variability of NIRS 3. However, this argument does not fit our observations for the following reasons.
a) The increase in luminosity is detected at NIR, MIR and FIR wavelengths. This implies that the variation in luminosity cannot be due to a change in visual extinction, that would indeed affect the NIR part of the SED but would just marginally affect the MIR part of the spectrum and would not affect its FIR portion. b) The increase in luminosity at IR wavelengths temporally matches the flares of the methanol masers in the radio. Moreover the maser positions match that of NIRS 3 (Sanna et al., in preparation). c) In addition, the light echo observed at NIR wavelengths matches the timing of the CH 3 OH maser flares. d) The increase in the SED luminosity matches the appearance (CO, He I, Na I, lines) and increase in luminosity (Brγ, H 2 ) of the IR lines. e) Visual extinction affects the intensity of both lines and continuum as well as the continuum's color. As the extinction affects to the same extent both lines and continuum, the equivalent width (EW) of the lines should not change. On the other hand, EWs and fluxes of Brγ and H 2 lines, already present in the pre-outburst spectrum in the outflow cavity, show a large variability and are anti-correlated, as expected in accretion events (45) . This cannot be explained with extinction variability. Moreover, the slope of the K-band spectra on source and outflow cavities does not show a significant change before and during the outburst, i.e., we do not detect any blueing of the spectra in 2016. f) As reported in the next subsection, the visual extinction towards the outflow cavities does not change significantly.
Therefore we infer that the visual extinction did not significantly change between 2007 and 2016.
Visual extinction towards the outflow cavities and on-source. These latter measurements suggest that the visual extinction towards the lobes did not significantly change.
We also infer the visual extinction towards NIRS 3 from the H 2 lines detected in the outburst spectrum (Fig. 2 , left panel), obtaining A V (H 2 )=44±16 mag. The inferred value is consistent with A V =46 mag from Simpson et al. 2009 (39) . Finally, from the pre-outburst J −H and H −K colors of the UKIDSS photometry, we obtain A V ∼48-62 mag by assuming that NIRS 3 is a O6 spectral type positioned on the ZAMS. This latter is consistent with our previous estimate. Therefore we adopt A V (H 2 )=44±16 mag towards the source and use this value to deredden the SED.
Line Luminosity. The line luminosities in the red-shifted lobe were inferred from the deredden line fluxes using A V =28±9 mag and assuming a distance to the object of 1.8±0.1 kpc (15) . inferred assuming that the stellar radius is R * =10 R ⊙ and using E = GM * M acc /R * , where G is the gravitational constant, M * is the mass of the star and M acc is the accreted mass. Finally, the mass accretion rate is obtained fromṀ acc ∼ (2∆L acc R * )/(GM * ).
Disk accretion by fragmentation vs merging. A conceptual question involves whether our observations can rule out the possibility that what we are seeing is not disk fragmentation but stellar capture and merger via tidal disruption (26) . This scenario proposes that massive stars build up by capturing other stars in disks, then tidally disrupting them. However, both timescales and energetics of the outburst of S255 NIRS 3 seem to be inconsistent with such a scenario. For example, assuming that the mass of the central object is ∼20 M ⊙ , the merger with a brown dwarf of 0. 
